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APPARATUS, AMPLIFIER, SYSTEM AND METHOD 
FOR RECEIVEREQUALIZATION 


TECHNICAL FIELD 

[0001] The inventions generally relate to receiver equalization. 
BACKGROUND 

[0002] Conventional wide band amplifiers such as CMOS (Complementary 
Metal Oxide Semiconductor) amplifiers have a difference in gain between low and 
high frequencies. This causes a condition referred to as inter-symbol interference 
(ISI), which causes a frequency dependent loss. Traditional receiver equalization 
schemes using analog or DSP (Digital Signal Processing) techniques are very 
complex, use a large number of transistors, and consume a large amount of power. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0003] The inventions will be understood more fully from the detailed description 
given below and from the accompanying drawings of some embodiments of the 
inventions which, however, should not be taken to limit the inventions to the specific 
embodiments described, but are for explanation and understanding only. 
[0004] FIG 1 is a block diagram representation of some embodiments of the 
inventions. 

[0005] FIG 2 is a block diagram representation of some embodiments of the 
inventions. 
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[0006] FIG 3 is a waveform diagram illustrating a problem that may be overcome 
according to some embodiments of the inventions. 

[0007] FIG 4 is a waveform diagram illustrating some embodiments of the 
inventions. 

[0008] FIG 5 is a circuit diagram representation of some embodiments of the 
inventions. 

[0009] FIG 6 is a circuit diagram representation of an amplifier according to some 
embodiments of the inventions. 

[0010] FIG 7 is a circuit diagram representation of an amplifier according to some 
embodiments of the inventions. 

[001 1] FIG 8 is a circuit diagram representation of an amplifier according to some 
embodiments of the inventions. 

[0012] FIG 9 is a circuit diagram representation of some embodiments of the 
inventions. 

[0013] FIG 10 is a block diagram representation of some embodiments of the 
inventions. 


DETAILED DESCRIPTION 

[0014] Some embodiments of the inventions relate to receiver equalization. 
Some embodiments are implemented in any very high speed serial differential link 
receiver. Some embodiments relate to high speed serial differential frequency 
equalization. 

[0015] Frequency dependent loss is inherent in CMOS (Complementary Metal 
Oxide Semiconductor) circuits and in transmission lines. In some embodiments a 
frequency dependent loss created by inter-symbol interference (ISI) is counteracted 
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and compensated for. When a receiver must process a wide frequency spectrum of 
data the ISI may be removed using feedback according to some embodiments. In 
some embodiments delay and/or gain are used to help remove the ISI. In some 
embodiments an amplifier is used that can realize the full gain bandwidth product 
potential of the transistors that form the amplifier. In some embodiments this 
amplifier is an amplifier formed of CMOS (Complementary Metal Oxide 
Semiconductor) transistors. In some embodiments any self-biased amplifier or latch 
may be used. In some embodiments a circuit is used that makes improvements in 
high frequency performance for any given CMOS gate geometry to which it is 
applied. In some embodiments the a circuit is used that makes improvements and 
advancements in power efficiency and design simplicity while counteracting and 
compensating for the frequency dependent loss created by ISI. 
[0016] In some embodiments two inverters (for example, CMOS inverters) are 
coupled in series to an output of an amplifier (for example, a self biased amplifier). 
The two inverters create a correct state to provide negative feedback to the amplifier. 
The circuit including the two inverters provides delay and gain to the feedback. In 
some embodiments the closed loop gain of the amplifier never exceeds the open 
loop gain of the amplifier. In some embodiments the delay and gain are used to 
select the frequency at which the maximum amplifier gain is achieved. 
[0017] In some embodiments negative feedback is mixed at the self-bias control 
of the amplifier. In some embodiments a hybrid of a Bazes amplifier and a Chappell 
amplifier is used. In some embodiments any self-biasing amplifier or latch is used. 
In some embodiments the amplifier uses a form of positive feedback to assist the 
amplifier gain. In some embodiments when positive and negative feedback signals 
mix, their individual effects are negated. 
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[0018] In some embodiments the longer the amplifier remains in one state, the 
closer the positive and negative feedback signals approach the rails, the control 
voltage (for example, self-bias control voltage) approaches half supply, and the 
amplifier reduces to a minimum output level but does not change state. This 
arrangement is the opposite of one artifact of transmission line inter-symbol 
interference which tends to encourage signals of long duration. 
[001 9] In some embodiments the negative feedback travels through two 
additional inverters of propagation delay than the positive feedback. This means that 
for a period of time equivalent to the propagation delay the two feedbacks (negative 
and positive) are pulling in the same direction. The system momentarily provides the 
maximum amount of positive feedback to the differential dV/dT on the input signal. 
This improves both the amplitude and width of the transition. This is the opposite of 
the other artifact associated with inter-symbol interference which tends to resist 
signals of short duration and leads to inaccurate output values in those cases. 
[0020] In some embodiments an amplifier is sized for best open loop bandwidth. 
In some embodiments a first inverter is one-fourth the size of the amplifier output to 
maintain loading as low as possible. In some embodiments the first inverter is one- 
fourth the size of the second inverter in order to deliberately slow state propagation 
time through the negative feedback loop and minimize the possibility of the first 
inverter creating another pole in the system. 

[0021] In some embodiments the amplifier works on a differential dV/dT, energy 
in the transition, rather than an actual eye opening (or "I opening") or crossing. This 
allows the amplifier to extract correct information form a closed eye (or "closed I"). 
[0022] In some embodiments positive feedback is applied to cross-coupled loads 
(e.g., using a p-channel amplifier, an n-channel amplifier and/or a CMOS amplifier). 
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In some embodiments positive feedback is applied to improve performance, and 
delay and gain is added. In some embodiments negative feedback is applied. 
[0023] In some embodiments an apparatus includes an amplifier, a first inverter 
having an input coupled to an output of the amplifier, and a second inverter having 
an input coupled to an output of the first inverter and an output, where the output of 
the second inverter is fed back to an input of the amplifier. 

[0024] In some embodiments an apparatus includes an amplifier and a delay and 
gain circuit coupled to an output of the amplifier, where an output of the delay and 
gain circuit is fed back to the amplifier. 

[0025] In some embodiments an amplifier includes an input, an inverse input, an 
output, a first p-channel MOSFET (Metal Oxide Semiconductor Field Effect 
Transistor) (pMOS transistor), a second pMOS transistor, a third pMOS transistor, a 
first n-channel MOSFET (nMOS transistor), a second nMOS transistor and a third 
nMOS transistor. The first pMOS transistor has a gate coupled to the input of the 
amplifier. The third pMOS transistor has a gate coupled to the inverse input of the 
amplifier and a source coupled to a source of the first pMOS transistor and to a drain 
of the second pMOS transistor. The first nMOS transistor has a gate coupled to the 
input of the amplifier. The second nMOS transistor has a gate coupled to a drain of 
the first pMOS transistor, a drain of the first nMOS transistor, and to a gate of the 
second pMOS transistor. The third nMOS transistor has a gate coupled to the 
inverse input of the amplifier, a drain coupled to a drain of the third pMOS transistor 
and a source coupled to a source of the first nMOS transistor and to a drain of the 
second nMOS transistor. The output of the amplifier is coupled to the drain of the 
third pMOS transistor and to the drain of the third nMOS transistor. 
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[0026] In some embodiments a system includes a transmitter, a receiver, and a 
transmission line (or interconnect) coupled to the transmitter and the receiver. The 
receiver includes an amplifier and a delay and gain circuit coupled to an output of the 
amplifier, where an output of the delay and gain circuit is fed back to the amplifier. 
[0027] In some embodiments a method includes providing delay and gain to an 
output of an amplifier, and feeding back an output from the delay and gain to the 
amplifier. 

[0028] In some embodiments a method includes amplifying an input signal, and 
compensating for a frequency dependent loss by feeding back an output signal to 
the amplifying. 

[0029] In some embodiments positive feedback and delayed negative feedback 
are applied to an amplifier. In some embodiments gain is applied to delayed 
negative feedback that is applied to an amplifier. In some embodiments positive 
feedback and negative feedback are mixed. In some embodiments a ratio of positive 
feedback to negative feedback is balanced through gain on the negative feedback. 
In some embodiments positive feedback and negative feedback are supplied in a 
proportion that compensates for and/or counteracts a frequency dependent loss 
created by inter-symbol interference (ISI). In some embodiments positive feedback 
is applied quickly and negative feedback is delayed (and/or applied slowly). In some 
embodiments positive feedback and negative feedback are mixed to provide a 
desired affect of compensating for inter-symbol interference (ISI). In some 
embodiments positive feedback is created by an amplifier and negative feedback is 
applied to the amplifier from a delay and gain circuit. In some embodiments a delay 
and gain circuit includes two inverters connected in series. 
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[0030] FIG 1 illustrates an apparatus 100 according to some embodiments. 
Apparatus 100 includes an amplifier 102, a delay and gain circuit 104, and a 
feedback loop 106. Amplifier 102 may also be referred to in some embodiments as 
"the first stage". Amplifier 102 may be a CMOS amplifier in some embodiments. 
Amplifier 102 includes two inputs, "in" and "!in", where "!in" is the inverse signal from 
"in". Delay and gain circuit 104 has an input coupled to an output of amplifier 102. 
Delay and gain circuit 104 has an output provided as an output signal. The output of 
delay and gain circuit 104 is also fed into feedback loop 106 to be provided as a 
control input to amplifier 102. In some embodiments feedback loop 106 may include 
known feedback circuitry. In some embodiments feedback loop 106 provides the 
output of delay and gain circuit 104 directly to the control input of amplifier 102. 
[0031] FIG 2 illustrates an apparatus 200 according to some embodiments. 
Apparatus 200 includes an amplifier 202, a first inverter 204, a second inverter 206, 
and a feedback loop 208. Amplifier 202 may also be referred to in some 
embodiments as "the first stage". Amplifier 202 may be a CMOS amplifier in some 
embodiments. Amplifier 202 includes an input signal "in" and an inverse input signal 
"!in". First inverter 204 has an input coupled to an output of amplifier 202. Second 
inverter 206 has an input coupled to an output of first inverter 204. An output of 
second inverter 206 is provided as an output signal, and is also fed into a feedback 
loop 208 as a control input to amplifier 202. 

[0032] In some embodiments sizes of first inverter 204 and second inverter 
206 are used so that appropriate delay and gain are provided to the circuit. In some 
embodiments values of the inverters are chosen such that negative feedback is 
delayed as long as the smallest data change (that is, duty cycle distortion) where 
some data has a small duration. In some embodiments the values of the inverters 
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are chosen so that negative feedback is delayed for a period corresponding to the 
period of the smallest data bit frequency. 

[0033] FIG 3 illustrates signal waveforms 300 illustrating a problem that may 
be overcome according to some embodiments. The waveforms 300 illustrated in 
FIG 3 include an input signal waveform 302, an inverse input signal waveform 304, 
and an output signal waveform 306. The illustrated input signal waveform 302, 
inverse input signal waveform 304 and output signal waveform 306 occur, for 
example, with an amplifier arrangement that does not solve an inter-symbol 
interference problem solved by some embodiments. Input signal 302 exhibits a 
pattern with the following logic values: "1 100000101001 1 1 1 1010". Inverse input 
signal 304 exhibits a pattern with the following logic values: 
"001 1 1 1 10101 100000101". Output signal 306 initially drops to a low signal value 
(logic "0") in response to the first two input signal 302 logic values "11" and in 
response to the first two inverse input signal 304 logic values "00". Output signal 
306 then rises to a high signal value (logic "1") in response to the next five input 
signal 302 logic values "00000" and in response to the next five inverse input signal 
304 logic values "1111 1". Then when the input signal 302 rises to logic value "1" and 
the inverse input signal 304 drops to logic value "0" the output signal 306 begins to 
decrease. However, before output signal 306 is able to drop to a logic "0" value the 
input signal 302 drops to a logic value "0" and the inverse input signal 304 rises to a 
logic value "1". This causes the output signal 306 to increase before it ever reaches 
a logic value "0". This is a problem that can occur, for example, when the value of 
the input has been at one logic value for a long time and then transitions to the other 
value and back in a short amount of time. The output never recognizes the short 
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transition value (in this case, output signal 306 never registers a logic value of "0" in 
response to the short transition of the input signal to a logic value of "1"). 
[0034] A similar problem occurs after the input signal 302 stays at a logic 
value of "1" for a while. For example, when input signal 302 exhibits a logic value of 
"11111" and inverse input signal 304 exhibits a logic value of "00000" and then input 
signal 302 switches to a logic value of "0" and inverse input signal 304 switches to a 
logic value of "1" for a short time period before switching back again a similar 
problem occurs as illustrated in FIG 3. The output signal 306 stays at a logic value 
of "0" while the input signal 302 stays at a logic value of "1" for five time periods and 
while the inverse input signal 304 stays at a logic value of "0" for five time periods. 
However, when input signal 302 switches to a logic value of "0" and inverse input 
signal 304 switches to a logic value of "1" for one time period and then switches back 
again the output signal 306 does not rise to a logic value of "1" before decreasing in 
response to the switch of the input signal back to "1" and the switch of the inverse 
input signal back to "0". 

[0035] FIG 4 illustrates signal waveforms 400 according to some 
embodiments. The waveforms 400 illustrated in FIG 4 include an input signal 
waveform 402, an inverse input signal waveform 404, and an output signal waveform 
406. The illustrated input signal waveform 402, inverse input signal waveform 404 
and output signal waveform 406 occur, for example, with an apparatus according to 
some embodiments. 

[0036] Input signal 402 exhibits a pattern with the following logic values: 
"1 100000101001 1 1 1 1010". Inverse input signal 404 exhibits a pattern with the 
following logic values: "001 1 1 1 10101 100000101". Similarly to output signal 306, 
output signal 406 initially drops to a low signal value (logic "0") in response to the first 
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two input signal 402 logic values "11" and in response to the first two inverse input 
signal 404 logia values "00". However, output signal 406 does not remain at the 
lowest analog level as long as output signal 306 illustrated in FIG 3. Output signal 
406 begins to rise in value earlier than output signal 306, although it remains at a 
logic "0" value. Output signal 406 then rises to a high signal value (logic "1") in 
response to the next five input signal 402 logic values "00000" and in response to the 
next five inverse input signal 404 logic values "1111 1". Although output signal 406 
stays at a high logic value during the five input signal 402 logic values "00000" and 
five inverse input signal 404 logic values "11111" it does decrease in level during 
those five signal time periods. Then when the input signal 402 rises to logic value 
"1" and the inverse input signal 404 drops to logic value "0" the output signal 406 is 
able to decrease down to a logic value "0" before the input signal changes again and 
drops to a logic value "0" and before the inverse input signal changes again and 
rises to a logic value "1". In this manner, unlike the output signal 306 in FIG 3 and 
according to some embodiments the output signal 406 is able to recognize the 
transition that occurs after the value of the input has been at one logic value for a 
long time and then changes to the other value and back in a short amount of time. 
[0037] Similarly, when input signal 402 exhibits a logic value of "11111" and 
inverse input signal 404 exhibits a logic value of "00000" and then input signal 402 
switches to a logic value of "0" and inverse input signal 404 switches to a logic value 
of "1" for a short period of time before switching back again the problem associated 
with output signal 306 of FIG 3 can also be avoided. The output signal 406 stays at 
a logic value of "0" while the input signal 402 stays at a logic value of "1" 
for five time periods and while the inverse input signal stays at a logic value of "0" 
for five time periods. However, unlike output signal 306 in FIG 3, output signal 406 
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does not stay at the same low voltage level. The voltage level of output signal 406 
begins to rise in voltage during the five time periods, but stays at a low ("0") logic 
value. When input signal 402 then switches to a logic value of "1" for one time 
period and then switches back again the output signal 406 is able to rise to a logic 
value of "1" before decreasing in response to the switch of the input signal back to 
"1" and the switch of the inverse input signal back to "0". 

[0038] FIG 5 illustrates an apparatus 500 according to some embodiments. In 
some embodiments apparatus 500 includes a p-channel MOSFET (Metal Oxide 
Semiconductor Field Effect Transistor) (pMOS transistor) 502, an n-channel 
MOSFET (nMOS transistor) 504, pMOS transistor 506, nMOS transistor 508, pMOS 
transistor 510, nMOS transistor 512, resistor 514, resistor 516, pMOS transistor 522, 
nMOS transistor 524, pMOS transistor 526 and nMOS transistor 528. 
[0039] Transistors 502, 504, 506, 508, 510 and 512 (and in some embodiments 
also resistor 514) may form an amplifier according to some embodiments, which may 
be in some embodiments a wide band CMOS amplifier. Transistors 522 and 524 
may form a first inverter. Transistors 526 and 528 may form a second inverter. An 
output of the second inverter is an output of the apparatus 500. The output of the 
amplifier (also referred to as the first stage amplifier) has analog precharge artifacts. 
In some embodiments the analog precharge artifacts are similar to the sagging affect 
illustrated in and described in reference to FIG 3. The first and second inverters 
(sometimes referred to as the second stage) restores digital level signaling so that 
no sagging affect is present at the output of apparatus 500. 
[0040] In some embodiments the amplifier in FIG 5 may be used in other 
embodiments such as the amplifier 102 in FIG 1, the amplifier 202 in FIG 2, the 
amplifier 1012 in FIG 10, or other amplifiers. In some embodiments the first inverter 
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in FIG 5 may be used in other embodiments such as the inverter 204 in FIG 2, or 
may be included in other circuitry such as delay and gain circuit 104 of FIG 1 or 
delay and gain circuit 914 of FIG 9, or any other delay and gain circuit. In some 
embodiments the second inverter in FIG 5 may be used in other embodiments such 
as the inverter 206 in FIG 2, or may be included in other circuitry such as delay and 
gain circuit 104 of FIG 1 or delay and gain circuit 1014 of FIG 10, or any other delay 
and gain circuit. In some embodiments the first and second inverters in FIG 5 may 
be combined to form circuits such as delay and gain circuit 104 of FIG 1 or delay and 
gain circuit 914 of FIG 9, for example. 

[0041] A gate of pMOS transistor 502 is coupled to the input "in". A gate of 
nMOS transistor 504 is also coupled to input "in". A source of transistor 502 is 
coupled to a drain of pMOS transistor 506 and to a source of pMOS transistor 510. 
A drain of transistor 502 is coupled to a first terminal of resistor 514 and to a drain of 
nMOS transistor 504. A source of nMOS transistor 504 is coupled to a drain of 
nMOS transistor 508 and to a source of nMOS transistor 512. A gate of pMOS 
transistor 506 is coupled to a second terminal of resistor 514 and to a gate of nMOS 
transistor 508. A source of pMOS transistor 506 is coupled to a high voltage value 
V. A source of nMOS transistor 508 is coupled to a ground voltage (and/or a low 
voltage value), a source of nMOS transistor 524 and a source of nMOS transistor 
528. A gate of pMOS transistor 510 and a gate of nMOS transistor 512 are coupled 
to an inverse input "!in". A drain of pMOS transistor 510 and a drain of nMOS 
transistor 512 are each coupled to a gate of pMOS transistor 522 and a gate of 
nMOS transistor 524. A source of pMOS transistor 522 is coupled to the high 
voltage value V. A source of nMOS transistor 524 is coupled to the ground and/or 
low voltage value. A drain of pMOS transistor 522 and a drain of nMOS transistor 


Dock tNo. 042390.P16616 

Express Mail Number EV325525634US 


13 


Robert D. Anderson 
Phone (408) 720-8300, R g No. 33,826 


524 are each coupled to a gate of pMOS transistor 526 and a gate of nMOS 
transistor 528. A source of pMOS transistor 526 is coupled to the high voltage value 
V. A source of nMOS transistor 528 is coupled to the ground and/or low voltage 
value. A drain of pMOS transistor 526 and a drain of nMOS transistor 528 are 
coupled together and provided as an output signal "out". This output signal "out" is 
also fed back through the resistor 516 to the gate of nMOS transistor 508. 
[0042] In some embodiments a resistor array of two or more resistors such as 
resistor 514 and 516 are used to mix a positive feedback applied to the amplifier by 
the amplifier itself with a negative feedback applied to the amplfier from the output of 
the second inverter (at the output "out"). In some embodiments the resistors of the 
resistor array are connected in series with each other. In some embodiments 
resistors 514 and 516 passively mix the positive feedback and the negative 
feedback. In some embodiments resistors 514 and 516 are a passive mixing resistor 
array connected in series with each other, where resistor 514 is connected to 
positive feedback and resistor 516 is connected to negative feedback and a mixed 
signal is provided at a connection point between the two resistors. In some 
embodiments the positive feedback is applied to the amplifier quickly and the 
negative feedback is applied to the amplfier more slowly due to the delay created by 
the two inverters. The gain supplied by the two inverters may be used to provide a 
proportional amount of negative feedback proportional to the positive feedback such 
that a frequency dependent loss and/or an intersymbol interference (ISI) is 
counteracted and compensated for. 

[0043] The circuit illustrated in FIG 5 can be used to solve the problem 
illustrated in FIG 3 in a manner similar to that illustrated in FIG 4 so that, for 
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example, a frequency dependent loss created by inter-symbol interference (ISI) is 
counteracted and compensated for. 

[0044] While FIG 5 illustrates some embodiments using CMOS 
(Complementary Metal Oxide Semiconductor) implementations it is understood that 
other embodiments may not use all MOS or CMOS technology, or any MOS or 
CMOS technology. 

[0045] In some embodiments the CMOS transistors of FIG 5 may have a length 
of 80nm or of approximately 80nm. In some embodiments widths of p-channel 
transistors 502, 506, 510 and 526 are 9.2um or are approximately 9.2um. In some 
embodiments a width of p-channel transistor 522 is 2.3um or is approximately 
2.3um. In some embodiments widths of n-channel transistors 504, 508, 512 and 528 
are 4um or are approximately 4um. In some embodiments a width of n-channel 
transistor 524 is 1 urn or is approximately 1 urn. In some embodiments a resistance 
of resistors 514 and 516 is 5000 ohms or is approximately 5000ohms. In some 
embodiments high voltage value for the provided high voltage at the sources of 
transistors 506, 522 and 526 are 1 .2 volts or are approximately 1 .2 volts. Although 
exemplary values for transistor lengths, transistor widths, resistances and provided 
voltages are provided above, other values for some or all of these elements may be 
used according to some embodiments. 

[0046] The amplifier illustrated in FIG 5 formed by transistors 502, 504, 506, 508, 
510 and 512 (and in some embodiments also resistor 514) may be viewed as a 
hybrid of a Bazes amplifier and a Chappell amplifier. Some embodiments use this 
hybrid amplifier. Some embodiments use a Bazes amplifier. Some embodiments 
use a Chappell amplifier. 
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[0047] FIG 6 illustrates an amplifier 600 according to some embodiments. 
Amplifier 600 may be viewed as a hybrid of a Bazes amplifier and a Chappell 
amplifier. Amplifier 600 is similar to the amplifier illustrated in FIG 5. Amplifier 600 
includes an input ("in"), an inverse input ("!in"), an output ("out"), a pMOS transistor 
602, an nMOS transistor 604, a pMOS transistor 606, an nMOS transistor 608, a 
pMOS transistor 610, an nMOS transistor 612 and a resistor 614. In some 
embodiments resistor 614 could have any resistance, including zero resistance (in 
such an embodiment there would be no resistor 614 and the lines coupled to the two 
terminals of resistor 614 would be directly coupled together). The amplifier 600 
illustrated in FIG 6 does not need to include resistor 614. However, resistor 614 has 
been included to show that the amplifier 600 may include a resistor 614 that is 
similar to resistor 514 illustrated in FIG 5. In some embodiments resistor 614 may 
be included in a resistor array or in a group of resistors in series that are used to mix 
a positive feedback and a negative feedback similar to the resistors 514 and 516 in 
FIG 5. In some embodiments resistor 614 is included in a resistor array or a group 
of resistors connected in series to passively mix a positive feedback and a negative 
feedback. 

[0048] Each transistor 602, 604, 606, 608, 610 and 612 includes a source, a 
drain, and a gate. Resistor 614 includes a first terminal and a second terminal. 
[0049] The source of pMOS transistor 602 is coupled to the drain of pMOS 
transistor 606 and to the source of pMOS transistor 610. The drain of pMOS 
transistor 602 is coupled to the first terminal of resistor 614 and to the drain of nMOS 
transistor 604. The gate of pMOS transistor 602 is coupled to the input "in" and to 
the gate of nMOS transistor 604. 
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[0050] The source of nMOS transistor 604 is coupled to the drain of nMOS 
transistor 608 and to the source of nMOS transistor 612. The drain of nMOS 
transistor 604 is coupled to the first terminal of resistor 614 and to the drain of pMOS 
transistor 602. The gate of nMOS transistor 604 is coupled to the input "in" and to 
the gate of pMOS transistor 602. 

[0051] The source of pMOS transistor 606 is coupled to a high voltage source 
"V". The drain of pMOS transistor 606 is coupled to the source of pMOS transistor 
602 and to the source of pMOS transistor 610. The gate of pMOS transistor 606 is 
coupled to the second terminal of resistor 614 and to the gate of nMOS transistor 
608. 

[0052] The source of nMOS transistor 608 is coupled to a low voltage and/or 
grounded voltage. The drain of nMOS transistor 608 is coupled to the source of 
nMOS transistor 604 and to the source of nMOS transistor 612. The gate of nMOS 
transistor 608 is coupled to the second terminal of resistor 614 and to the gate of 
pMOS transistor 606. 

[0053] The source of pMOS transistor 610 is coupled to the drain of pMOS 
transistor 606 and to the source of pMOS transistor 602. The drain of pMOS 
transistor 610 is coupled to the output "out" and to the drain of nMOS transistor 612. 
The gate of pMOS transistor 610 is coupled to the inverse input "!in" and to the gate 
of nMOS transistor 612. 

[0054] The source of nMOS transistor 612 is coupled to the source of nMOS 
transistor 604 and to the drain of nMOS transistor 608. The drain of nMOS transistor 
612 is coupled to the drain of pMOS transistor 610 and to the output "out". The gate 
of nMOS transistor 612 is coupled to the inverse input "!in" and to the gate of pMOS 
transistor 610. 
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[0055] The first terminal of resistor 614 is coupled to the drain of pMOS transistor 
602 and to the drain of nMOS transistor 604. The second terminal of resistor 614 is 
coupled to the gate of pMOS transistor 606 and to the gate of nMOS transistor 608. 
[0056] While FIG 5 illustrates some embodiments using CMOS (Complementary 
Metal Oxide Semiconductor) implementations it is understood that other 
embodiments may not use all MOS or CMOS technology, or any MOS or CMOS 
technology. 

[0057] In some embodiments the CMOS transistors of FIG 6 may have a length 
of 80nm or of approximately 80nm. In some embodiments widths of p-channel 
transistors 602, 606 and 610 are 9.2 urn or are approximately 9.2um. In some 
embodiments widths of n-channel transistors 604, 608 and 612 and 528 are 4um or 
are approximately 4um. In some embodiments a resistance of resistors 614 is 5000 
ohms or is approximately 5000 ohms. In some embodiments high voltage value for 
the provided high voltage at the source of transistor 606 is 1 .2 volts or is 
approximately 1 .2 volts. In some embodiments the provided low voltage at the 
source of transistor 608 is 0 volts or is approximately 0 volts. Although exemplary 
values for transistor lengths, transistor widths, resistances and provided voltages are 
provided above, other values for some or all of these elements may be used 
according to some embodiments. 

[0058] FIG 7 illustrates a Bazes amplifier 700 that may be used in implementing 
some embodiments. Amplifier 700 includes an input "in", an inverse input "!in", a 
bias voltage input Vb1, a bias voltage input Vb2, an output "out", a pMOS transistor 
702, an nMOS transistor 704, a pMOS transistor 706, and nMOS transistor 708, a 
pMOS transistor 710 and an nMOS transistor 712. Voltages Vb1 and Vb2 are bias 
voltages provided at the gates of pMOS transistor 706 and nMOS transistor 708, 


Docket No. 042390.P16616 

Expr ss Mail Number EV325525634US 


18 


Robert D. Anderson 
Phone (408) 720-8300, Reg No. 33,826 


respectively. The bias voltages Vb1 and Vb2 set the current for two current sources. 
A Bazes amplifier such as amplifier 700 may be used in implementing some 
embodiments. 

[0059] Each of the transistors 702, 704, 706, 708, 710 and 712 includes a source, 
a drain and a gate. The source of pMOS transistor 702 is coupled to the drain of 
pMOS transistor 706 and to the source of pMOS transistor 710. The drain of pMOS 
transistor 702 is coupled to the drain of nMOS transistor 704. The gate of pMOS 
transistor 702 is coupled to the input "in" and to the gate of nMOS transistor 704. 
The source of nMOS transistor 704 is coupled to the drain of nMOS transistor 708 
and to the source of nMOS transistor 712. The source of pMOS transistor 706 is 
coupled to a high voltage source "V". The gate of pMOS transistor 706 is coupled to 
the bias voltage Vb1 . The source of nMOS transistor 708 is coupled to a low voltage 
source (and/or ground voltage). The gate of nMOS transistor 708 is coupled to the 
bias voltage Vb2. The drain of pMOS transistor 710 is coupled to the output "out" 
and to the drain of nMOS transistor 712. The gate of pMOS transistor 710 is 
coupled to the inverse input "!in" and to the gate of nMOS transistor 712. 
[0060] FIG 8 illustrates a Chappell amplifier 800 that may be used in 
implementing some embodiments. Amplifier 800 includes an input "in", an inverse 
input "!in", an output "out", a pMOS transistor 802, an nMOS transistor 804, a pMOS 
transistor 806, a pMOS transistor 810 and an nMOS transistor 812. A Chappell 
amplifier such as amplifier 800 may be used in implementing some embodiments. 
[0061] Each of the transistors 802, 804, 806, 810 and 812 includes a source, a 
drain and a gate. The source of pMOS transistor 702 is coupled to the drain of 
pMOS transistor 806 and to the source of pMOS transistor 810. The drain of pMOS 
transistor 802 is coupled to the drain of nMOS transistor 804, the gate of nMOS 
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transistor 804, the gate of nMOS transistor 812, and to the gate of pMOS transistor 
806. The gate of pMOS transistor 802 is coupled to the input "in". The source of 
nMOS transistor 804 is coupled to a low voltage source (and/or ground voltage). 
The source of pMOS transistor 806 is coupled to a high voltage source "V". The 
drain of pMOS transistor 810 is coupled to the output "out" and to the drain of nMOS 
transistor 812. The gate of pMOS transistor 81 0 is coupled to the inverse input "!in". 
The source of nMOS transistor 812 is coupled to a low voltage source (and/or 
ground voltage) which may be the same voltage as coupled to the source of nMOS 
transistor 804. 

[0062] FIG 9 illustrates an apparatus 900 according to some embodiments. In 
some embodiments apparatus 900 is a p-channel implementation. Apparatus 900 
includes an input "in", an inverse input "!in, an output "out", a pMOS transistor 902, a 
pMOS transistor 904, a pMOS transistor 906, a pMOS transistor 908, an nMOS 
transistor 910, an nMOS transistor 912, an nMOS transistor 914, an nMOS transistor 
916, a pMOS transistor 822, an nMOS transistor 924, a pMOS transistor 926, a 
pMOS transistor 928, an nMOS transistor 930, a pMOS transistor 932, an nMOS 
transistor 934, a pMOS transistor 936, a pMOS transistor 938 and an nMOS 
transistor 940. 

[0063] In some embodiments pMOS transistors 902, 904, 906, 908 and nMOS 
transistors 910, 912, 914 and 916 form an amplifier. In some embodiments pMOS 
transistors 922, 926 and 928 and nMOS transistors 924 and 930 form a first inverter. 
In some embodiments pMOS transistors 932, 936 and 938 and nMOS transistors 
934 and 940 form a second inverter. The amplifiers, first inverter and second 
inverter mentioned above in reference to FIG 9 may be implemented in various 
embodiments illustrated and/or described herein and in other embodiments. 
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[0064] FIG 10 illustrates a system 1000 according to some embodiments. 
System 1000 includes a transmitter 1002, a receiver 1004 and a transmission line 
1006 coupled between the transmitter 1002 and the receiver 1 004. Receiver 1004 
includes an amplifier 1012, a delay and gain circuit 1014 and feedback 1016 from an 
output of the delay and gain circuit to the amplifier 1012. In some embodiments the 
closed loop gain of the amplifier 1012 never exceeds its open loop gain. Varying the 
delay and gain of the delay and gain circuit 1014 selects the frequency at which 
maximum amplifier gain is achieved. In some embodiments the amplifier 1012 may 
be any type of amplifier including the amplifiers illustrated and described herein. In 
some embodiments the delay and gain circuit 1014 may be any type of delay and 
gain circuit including the delay and gain circuits (and/or two inverter circuits) 
illustrated and described herein. In some embodiments the gain/bandwidth of the 
apparatus including amplifier 1012 and delay and gain circuit 1014 is the same 
magnitude as the loss/bandwidth of the transmission line 1006. 
[0065] Any of the amplifiers illustrated and described herein (for example, 
amplifier 102 in FIG 1, amplifier 202 in FIG 2, and/or amplifier 1012 in FIG 10) could 
be a variety of different amplifiers in some embodiments, including but not limited to 
a Bazes amplifier similar to or the same as the Bazes amplifier illustrated in FIG 7, a 
Chappell amplifier similar to or the same as the Chappell amplifier illustrated in FIG 
8, a hybrid amplifier such as the amplifier illustrated in FIG 5 and/or in FIG 6, an 
amplifier such as the amplifier in FIG 9, or any other amplifier. 
[0066] In some embodiments the techniques and circuits described herein are 
implemented within a high speed serial receiver or transceiver. Damage added by a 
transmission line may be repaired using some embodiments. Some embodiments 
may be implemented in receivers or in transceivers. Some embodiments may be 
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implemented in any circuit including an amplifier. Some embodiments may be 
implemented in any receiver, any transceiver and/or any clock tree that distributes 
clock pulses to various devices in a chip or a system. 

[0067] In each system shown in a figure, the elements in some cases may each 
have a same reference number or a different reference number to suggest that the 
elements represented could be different and/or similar. However, an element may 
be flexible enough to have different implementations and work with some or all of the 
systems shown or described herein. The various elements shown in the figures may 
be the same or different. Which one is referred to as a first element and which is 
called a second element is arbitrary. 

[0068] An embodiment is an implementation or example of the inventions. 
Reference in the specification to "an embodiment," "one embodiment," "some 
embodiments," or "other embodiments" means that a particular feature, structure, or 
characteristic described in connection with the embodiments is included in at least 
some embodiments, but not necessarily all embodiments, of the inventions. The 
various appearances "an embodiment," "one embodiment," or "some embodiments" 
are not necessarily all referring to the same embodiments. 

[0069] If the specification states a component, feature, structure, or characteristic 
"may", "might", "can" or "could" be included, for example, that particular component, 
feature, structure, or characteristic is not required to be included. If the specification 
or claim refers to "a" or "an" element, that does not mean there is only one of the 
element. If the specification or claims refer to "an additional" element, that does not 
preclude there being more than one of the additional element. 
[0070] The inventions are not restricted to the particular details listed herein. 
Indeed, those skilled in the art having the benefit of this disclosure will appreciate 
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that many other variations from the foregoing description and drawings may be made 
within the scope of the present inventions. Accordingly, it is the following claims 
including any amendments thereto that define the scope of the inventions. 
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